Key words: amino acids; atherosclerosis; hyperhomocysteinaemia; hypertriglyceridaemia; peritoneal dialysis; Background. The caloric load from glucose-based peritoneal dialysis (PD) fluids contributes to hypertrigly-von Willebrand factor ceridaemia, adiposity and, as result of anorexia, protein malnutrition in PD patients. It has been suggested that replacement of a glucose-based by an amino acids
replacement of a glucose-based by an amino acids-Introduction based PD fluid (AA-PDF ) for one exchange per day might improve the nutritional status and lipid profile.
Exposure to amino acids-based peritoneal dialysis fluid Due to the uptake of methionine from the dialysate, (AA-PDF ) might benefit the nutritional status of however, exposure to AA-PDF might aggravate hypermalnourished peritoneal dialysis (PD) patients as a homocysteinaemia, a frequently occurring risk factor result of the uptake of amino acids from the dialysate for atherosclerosis in uraemic patients.
[1,2]. This uptake of amino acids, however, could also Methods. We studied the impact of a once daily have adverse effects in PD patients. After absorption exchange with 1.1% AA-PDF instead of glucose-based from the AA-PDF, the amino acid methionine may PD fluid for 2 months on plasma methionine and total be partly converted into S-adenosylmethionine, the homocysteine (tHcy) levels, lipid profile, butyrylcholimethyl donor in several transmethylation reactions nesterase (BChE) and body fat mass of seven stable that lead to the formation of S-adenosylhomocysteine PD patients. Results are expressed as mean±SEM.
and, finally, homocysteine. End-stage renal disease Results. Methionine levels did not increase significantly ( ESRD) patients have a largely unexplained reduced during therapy, but tHcy levels increased substantially ability to metabolize homocysteine [3] . Exposure to from 60±12 to 84±19 mmol/l after 1 month (P= AA-PDF might, therefore, aggravate hyperhomocyst-0.039), and to 85±22 mmol/l after 2 months of einaemia that occurs frequently in uraemic patients. AA-PDF treatment. Serum triglyceride concentration Because hyperhomocysteinaemia seems to be an indedecreased from 3.0±0.4 mmol/l at entry to 2.6± pendent risk factor for atherosclerosis also in ESRD 0.5 mmol/l (at 1 month, P=0.041 vs baseline). Serum patients [4] , an AA-PDF-induced rise in plasma homoBChE also decreased from 6.9±0.4 U/ml at entry to cysteine level would be undesirable. 6.3±0.4 U/ml after 2 months (P=0.014). Total cholesThe present study was established to investigate the terol concentration and cholesterol fractions did not impact of a 2 months' once daily exposure to AA-PDF change. The reduced exposure to glucose-based PD on plasma homocysteine and methionine levels in fluid for 2 months resulted in a 0.5 kg reduction in fat continuous ambulatory peritoneal dialysis (CAPD) mass which was due mainly to a reduction in fat mass patients. In addition, we investigated the impact of a of the trunk region (0.3 kg, P=0.031).
potential increase in tHcy levels on endothelial function Conclusions. It is concluded that methionine-containing by determination of the plasma von Willebrand factor AA-PDF induces an increase in the plasma tHcy level.
(vWF ) concentration. Endothelial dysfunction plays a This might, potentially, offset the beneficial effects of key role in atherogenesis, and higher levels of the an improved serum lipid profile and reduced fat mass endothelium-derived glycoprotein vWF have been on the risk of cardiovascular disease in PD patients.
shown to be associated with an adverse cardiovascular Lowering the methionine content of the fluid, therefore, outcome [5, 6 ] . As endothelial function is also affected may be required to overcome this adverse effect.
by the serum lipid profile, and substituting one exchange of glucose-based PD fluid per day by AA-PDF potentially changes the serum lipid profile [2,7,8], we simultaneously monitored serum choles-serum esterase that is synthesized in the liver. BChE, Study protocol which was positively correlated with serum triglyceride Each patient was assigned to receive a once daily 2 l exchange concentrations in several patient groups, has been with 1.1% AA-PDF (Nutrineal, Baxter Healthcare Corp, suggested to play an important role in the altered Round Lake, IL; Table 1 ) at noon for 2 months. The fluid lipoprotein metabolism in hypertriglyceridaemia [9] . remained intraperitoneally for 5 h. Blood samples were taken We assumed that if serum triglyceride levels could be on two separate occasions at baseline, at the end of the first reduced by lowering the daily glucose load, as a result and the second month on AA-PDF, and 1 month after the of substituting one exchange of glucose-based PD fluid last exchange with AA-PDF (vide infra). Serum folate concenper day by AA-PDF, the serum BChE concentration tration was determined only at baseline. At the moment blood samples were taken, the subjects were in the fasting should decrease also.
state and had not been exposed to AA-PDF for at least 14 h.
Finally, repeated measurement of body fat mass was
All patients were instructed not to change their dietary habits performed to investigate the hypothesis that body fat during the study. A 24 h urine and dialysate sampling was mass might also be reduced by lowering the glucose performed at baseline and after 2 months of AA-PDF load from the dialysis procedure.
treatment for the assessment of total creatinine clearance and dialysis efficacy (expressed by the Kt/V ). Body fat mass and its distribution were determined by dual-energy X-ray absorptiometry before and at the end of the treatment period.
Subjects and methods

Body fat mass Patients
Body fat mass and its distribution were assessed using a Seven chronic stable CAPD patients (four males, three dual-energy X-ray absorptiometry (DXA) total-body scanner females), aged 42±14 (SEM ) years (range 28-62) and (Norland XR26; Fort Atkinson, WI ). Previous studies have weighing 68±12 kg, participated in the study after giving shown that DXA gives a very accurate estimate of body fat informed consent. The study had been approved by the local mass irrespective of a subject's hydration status [10, 11] . The ethics committee. All participants had been on CAPD for at entrance radiation exposure for a single total-body scan has least 3 months. Causes of ESRD were: chronic glomerulo-been established by the manufacturer as 5 mSv. Total measurnephritis (n=3), glomerulosclerosis (n=3) and haemolytic ing time was 20 min. Subjects were scanned after an overnight fast, and after emptying their bladder and drainage of their uraemic syndrome (n=1). Patients had not used supplemendialysate immediately before each scan. Total body fat mass tary folic acid during the last 9 months prior to the study.
and its distribution were calculated using the software None of the patients was diabetic. None of the patients used delivered by the manufacturer (version 2.2.4). lipid-lowering or anti-epileptic drugs, or theophylline. Used prescriptions were: furosemide (n=3), antihypertensives (n= 4), phosphate binders (n=7), vitamin B complex (containing Biochemical measurements 2 mg of vitamin B6, but no folic acid or vitamin B12) and vitamin C (n=7), vitamin D derivatives (n=6) and erythro-All blood samples were collected in the fasting state after a 30 min rest. Serum urea, creatinine, total cholesterol, tripoietin (n=5). 
Results
0.4)
. Serum BChE decreased from 6.9±0.4 U/ml at baseline to 6.3±0.4 U/ml after 1 month (P=0.014).
Plasma methionine and total homocysteine levels
Although both the serum triglyceride and BChE levels decreased during treatment, no correlation between The plasma methionine level of the studied subjects at the two parameters was found. Serum total cholesterol baseline was 21±2 mmol/l (normal values assessed in and cholesterol fractions did not change ( Table 2) . a group of 44 healthy controls ranged from 13 to 33, mean 24 mmol/l ). During AA-PDF treatment, methionine levels did not increase significantly (30±7 Other biochemical parameters after 1 month and 30±6 mmol/l after 2 months). The AA-PDF treatment resulted in a substantial increase plasma tHcy level at the beginning of the study was in plasma urea (P<0.001), which returned to the preelevated in all patients (60±12 mmol/l, range 29-106; treatment values after cessation of the treatment normal ∏15 mmol/l ). None of the patients had a folate ( Table 2) . Total (urinary and peritoneal ) creatinine or vitamin B12 deficiency at baseline. The differences clearance, Kt/V and plasma creatinine concentration in tHcy levels could be explained for~88% by total did not change. Before treatment, vWF was elevated (urinary and peritoneal ) creatinine clearance (P= in each subject (mean 284±63%, range 150-512, 0.008) and serum folate concentration (P=0.026), as normal 50-150%). The plasma vWF levels showed no assessed by multiple linear regression analysis (R2= significant changes during and after treatment with 0.881, SE of estimate=13 mmol/l, P=0.014). During AA-PDF ( Table 2) . AA-PDF treatment, plasma tHcy levels increased substantially to 84±19 mmol/l after 1 month (P=0.039) and to 85±22 mmol/l after 2 months ( Figure 1 , Body fat mass Table 2 ). The plasma tHcy levels at baseline and during the study were not related to the methionine levels. After 2 months of AA-PDF, a 0.5 kg reduction in total body fat mass was observed as assessed by whole body Neither was the increase in plasma tHcy levels related to the baseline serum folate concentration (r=−0.31, DXA. The reduction in fat mass was due mainly to fat loss from the trunk region (0.3 kg, P=0.031, Theoretically, a reduction in the dietary intake of folic Table 3 ). Total body weight did not change. acid, vitamin B6 or vitamin B12 (important co-factors in homocysteine metabolism) during the study could also have influenced the plasma tHcy levels [13] . All Discussion patients, however, were instructed not to change their dietary habits and, moreover, none of them reported Up to 55% of the PD patients have mild to moderate a reduction in appetite or a change in diet. Using 1.1% (51%) or severe (4%) malnutrition, as assessed by AA-PDF, Kopple et al. found an increase in cystine, subjective global assessment [12] . This poor nutritional the oxidized dimer of cysteine, which is the transstatus generally has been attributed to transperitoneal sulfuration product of homocysteine [14] . This may loss of proteins and amino acids, and to a reduced point to an increased homocysteine trans-sulfuration, protein intake as a result of lack of appetite. The latter albeit insufficient to maintain plasma tHcy at baseline has been attributed to a feeling of satiety produced by levels. The risk of hyperhomocysteinaemia conferred the abdominal fullness during dialysis and to the by the AA-PDF regimen might even have been undercaloric load from the glucose that is absorbed continu-estimated as it is conceivable that the immediate postously from the dialysate. The use of AA-PDF could methionine load (AA-PDF ) tHcy increment was also be helpful in improving a disturbed nutritional status elevated. In the general population, an elevated postby reducing the caloric load and, simultaneously, by methionine load tHcy increment is a well known risk improving the uptake of amino acids (60-90% during factor for cardiovascular disease. The greatest impact a 4-8 h incubation) [1,2].
on tHcy levels was observed in patients with substanAs demonstrated in the present study, however, tially elevated initial homocysteine levels (>75 mmol/l, exposure to 1.1% AA-PDF may also be associated Figure 1) . The three patients with increased tHcy levels with an undesirable side effect, i.e. an increase in the at baseline could be differentiated from those with plasma tHcy level. As methionine is the only precursor lower tHcy levels by the combination of a lower total of homocysteine in man, it can be concluded that (urinary and peritoneal ) creatinine clearance and a uptake and conversion of the methionine present in low serum folate concentration in patients with high the AA-PDF is responsible for this increment. tHcy levels (using multivariate analysis). The increase in plasma tHcy levels was not related to the baseline pressure [13] . A significant correlation between total Arms and legs 9.5±5.6 9.4±5.2 creatinine clearance (residual renal function plus peritoneal clearance) and plasma tHcy levels has not been Body weight assessed by scale and fat mass by whole body DXA at reported previously. No correlation was found between baseline and after 2 months of AA-PDF treatment. Values are the plasma tHcy and methionine levels. We assumed expressed as mean±SEM.
aP<0.05 vs. baseline.
that during the AA-PDF treatment a new equilibrium
